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Description 



Title of the Invention 



Metal sulfide film and method for preparing thereof 
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Technical Field 

The present invention relates to a metal sulfide film 
and a method for preparing thereof. 

10 B ac k gr ound Art 

Thin films of iron sulfide, especially, iron disulfide 
(pyrite FeS 2 ) , are expected as a light absorbing material in 
film solar cells, and have been actively developed in recent 
years. In order to put such metal sulfide films on the 

15 market as industrial products, not only high quality but also 
mass productivity at a low cost is requested. Technologies 
satisfying such requirements have so far been developed. 

Examples of a preparation method of such a metal 
sulfide film include film preparing methodes under vacuum 

20 such as MOCVD or sputtering, and sulf urization by the heat 
treatment of a metal film. 

MOCVD (Metal Organic Chemical Vapor Deposition) is one 
of the CVD methodes in which a film is formed on a substrate 
by reacting a raw material at high temperatures, and is 

25 particularly a method that uses an organic metal as the raw 
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material. The film preparation method by MOCVD is, for 
example, disclosed in Journal of Crystal Growth, 151, p. 325, 
(1995) . 

The film preparation method by sputtering is a method 
5 of spraying an inert gas to a material such as metal and 
attaching molecules thus sputtered to the surface of an 
object, and it is disclosed, for example, in Thin Solid Films, 
246, p. 6, (1994) . 

These preparation methodes however involve many 
10 problems upon industrialization, for example, they need 

expensive vacuum systems or expensive raw materials such as 
TBDS, a film forming rate is low, or the number of steps for 
the method is large. In particular, iron sulfide exists in 
the various forms such as troilite FeS, pyrrhotite Fe 1 _ x S, 
15 pyrite FeS 2 , and marcasite FeS 2 , and thus it is necessary to 
set strict conditions for the preparation of a good-quality 
film composed of only a single phase among these various 
forms. Especially, there is a considerable difficulty in 
preparation of a film of iron disulfide (pyrite FeS 2 ) which 
20 is expected as a material for film solar cells. Owing to the 
existence of a sulfur defect, the resulting film partially 
becomes, for example, pyrrhotite Fe^S, meaning the 
preparation of a multiphase film. 

As a preparation method of a metal sulfide film, a 
25 method is proposed in which a Fe 2 0 3 + Cu 2 0 film or Fe + S film 
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is formed, and subsequently the film is heated in a sulfur- 
containing atmosphere to sulfurize the metal, in Japanese 
Patent Application Unexamined Publication No. 8-199333/1996 A 
and Japanese Patent Application Unexamined Publication No. 8- 
5 218161/1996 A. This method is however complicated and needs 
post-treatment such as heat treatment after film formation. 
In addition, it is difficult to prepare a single-phase film 
with good quality, because strict conditions are required for 
completely sulfurizing the metal by heat treatment. 

10 

Disclosure of the Invention 

An object of the present invention is to provide a 
single-phase metal sulfide film with good quality, and a 
method for preparing the film at a low cost in a convenient 
15 manner. 

With a view to attaining the above-described object, 
there is thus provided in the present invention a method for 
preparing a metal sulfide film, comprising the steps of 
providing metal halide as a first raw material and a 
20 thioamide compound as a second raw material. Preferably,, the 
method comprises vaporizing the metal halide and the 
thioamide compound, and reacting the metal halide with the 
thioamide compound at atmospheric pressure. 

It is preferable that the metal halide is iron halide. 
25 Especially, it is preferable that the iron halide is at least 
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one selected from the group consisting of FeCl 3 , Fel 3 , FeBr 3 , 
FeCl 2 , Fel 2 and FeBr 2 . It is preferable that the thioamide 
compound is thioacetamide (CH 3 CSNH 2 ) . The term "thioamide 
compound" as used herein means an organic compound (R-CSNH 2 ) 
5 having a thioamide group (-CSNH 2 ) . 

Especially, it is preferable that a triazine compound 
is formed as a byproduct. 

In another aspect of the present invention, there is 
also provided a metal sulfide film prepared by the above- 

10 described preparation method. 

According to the present invention, the metal halide 
and the thioamide compound used as raw materials are not 
required to be as pure as those employed in the conventional 
vacuum systems for film preparation. A metal sulfide film 

15 can therefore be prepared by using inexpensive raw materials. 
In addition, a sulfur element can be fed relatively easily by 
using the thioamide compound as a sulfur source. This makes 
it possible to efficiently sulfurize metal halide, thereby 
preparing a good quality metal sulfide film with less defects. 

20 Especially, as described below in detail, in the reaction 

step of the thioamide compound, since a triazine compound is 
by-produced and a sulfur element is formed as a simple 
substance, metal halide can be sulfurized efficiently by the 
resulting sulfur element, whereby a single-phase film of a 

25 metal sulfide with good quality can be prepared at a 



relatively low temperature. 

In the method for preparing a metal sulfide film 
according to the present invention, a growth rate of the film 
is rapid, and accompanying the formation of the film, a good 
5 quality metal sulfide film can be achieved without employing, 
as a post-treatment step, sulf urization by heat treatment. 

Moreover, a metal sulfide film can be prepared under 
atmospheric pressure so that the generation of defects in a 
sulfur element can be prevented and a good quality metal 
10 sulfide film can be prepared. In addition, the film can be 

prepared in a simplified system, because an expensive vacuum 
system is not required for its preparation. 

In particular, a single-phase film of iron sulfide 
(pyrite FeS 2 ) which is expected as a light absorbing material 
15 of film solar cells can be prepared using iron halide and 
thioamide compound as raw materials. 

As described later in detail, the present invention 
provides a single-phase film of a metal sulfide with good 
quality and a convenient and low-cost preparation method of a 
20 metal sulfide film. The preparation method of a metal 

sulfide film according to the present invention is suitable 
for industrialization, because a film forming rate is rapid 
and no expensive system such as vacuum gauge is necessary. 

25 Brief De scription of the Drawings 
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FIG. 1 is a schematic view illustrating one embodiment 
of an apparatus for preparing a metal sulfide film according 
to the present invention; 

FIG. 2 is a graph illustrating the X-ray diffraction 
5 results of an iron sulfide (pyrite FeS 2 ) film prepared by the 
method of a metal sulfide film according to the present 
invention; 

FIG. 3 is a graph illustrating the results of gas 
chromatograph and mass analysis of an iron sulfide (pyrite 
10 FeS 2 ) film prepared by the preparation method of a metal 
sulfide film according to the present invention; and 

FIG. 4 is a schematic view illustrating a reaction 
mechanism in which trimethyltriazine is formed from 
thioacetamide . 
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Best Mode for Carrying Out the Invention 

Embodiments of a preparation method of a metal sulfide 
film according to the present invention will hereinafter be 
described, referring to accompanying drawings. It should 

20 however be borne in mind that the present invention is not 
limited to or by the below-described embodiments. 

FIG. 1 illustrates one embodiment of an apparatus for 
carrying out the present invention. This apparatus is a 
horizontally placed reactor and is equipped with, as 

25 principal members, a first raw material vaporizer 11, a 

6 



■i .1 

I 



second raw material vaporizer 12 and a film forming section 
13. 

The first raw material vaporizer 11 has, at the 
periphery thereof, a heater 5a for controlling the first raw 
5 material vaporizer 11 to a predetermined temperature and it 
has, inside thereof, a raw material boat 4a for placing 
therein the first raw material. The first raw material 
vaporizer 11 is capable of being fed a carrier gas from one 
end thereof and to exhaust gas from the other end. 

10 Similar to the first raw material vaporizer, the second 

raw material vaporizer 11 has, at the periphery thereof, a 
heater 5b for controlling the second raw material vaporizer 
12 to a predetermined temperature and it has, inside thereof, 
a raw material boat 4b for placing therein the second raw 

15 material. The second raw material vaporizer 12 is capable of 
being fed a carrier gas from one end thereof and to exhaust 
gas from the other end. 

The film forming section 13 has, at the periphery 
thereof, a heater 5c for controlling the film forming section 

20 13 to a predetermined temperature and it has, inside thereof, 
a substrate support 6 for disposing the substrate 6 thereon. 
The gases exhausted from the first raw material vaporizer 11 
and the second raw material vaporizer 12 are fed to the film 
forming section 13. The direction of the gases to be fed to 

25 the film forming section 13 and containing these raw 
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materials toward the substrate 3 is not particularly limited. 
Specifically, the gases may be fed to the surface of the 
substrate 3 on which a film is to be formed either in a 
parallel or vertical direction or a direction having a 
5 certain angle. 

Embodiment of the preparation method of a metal sulfide 
film according to the present invention will next be 
described using the apparatus of FIG . 1. 

A metal halide 1 as a first raw material and a 

10 thioamide compound 2 as a second raw material are provided on 
the raw material boats 4a and 4b, respectively. As described 
above, it is preferable that the metal halide 1 is iron 
halide, and it is preferable that the iron halide is FeCl 3 , 
Fel 3 , FeBr 3 , FeCl 2 , Fel 2 or FeBr 2 . FeCl 3 is especially suited 

15 because it can be handled easily and is inexpensive. As the 
thioamide compound 2, thioacetamide is preferred. The metal 
halide 1 and the thioamide compound 2 are not required to be 
as pure as materials used in conventional vacuum film 
preparation apparatuses and purity as high as about 99.5% is 

20 sufficient. 

A portion of each raw material is vaporized by heating 
the first raw material vaporizer 11 and the second raw 
material vaporizer 12. The temperature to heat each raw 
material may be a temperature at which each raw material 

25 vaporizes and no particular limitation is imposed on it. For 



example, when FeCl 3 is used as the first raw material, the 
first raw material vaporizer 11 is preferably heated to about 
180°C, and when thioacetamide is used as the second raw 
material, the second raw material vaporizer 12 is preferably 
5 heated to about 70°C. 

The raw materials thus vaporized are then fed to the 
film forming section 13 by a carrier gas. The film forming 
section 13 in which the substrate 3 has been disposed is 
maintained at a predetermined temperature in advance by 
10 heating. 

The film forming section 13 is preferably heated to 350 
to 450°C / more preferably 375 to 425°C. At this time, the 
pressure in the apparatus can be maintained at an atmospheric 
pressure . 

15 As the substrate 3, glass or single-crystal materials 

such as sapphire and silicon can be used without particular 
limitation. It is also possible to provide a metal sulfide 
film, for example, single-crystal film, with excellent 
crystallinity, by providing, on the substrate 3, a buffer 

20 layer for relaxing a difference in the lattice mismatch 
degree with a metal sulfide film, and forming the metal 
sulfide film on this buffer layer. The buffer layer can be 
formed by the ordinary film forming treatment. When an iron 
sulfide film is formed, for example, Fe, FeS, Fe^S, FeS 2 , 

25 MoS 2 or the like can be used as the buffer layer. 



The raw materials heated in the film forming section 13 
reacted each other, whereby a triazine compound is formed 
from the thioamide compound 2 and simultaneously, a metal 
sulfide film is formed on the substrate 3. 
5 Amounts of the raw materials can be controlled by the 

heating temperature of these raw materials or a flow rate of 
a carrier gas. As the carrier gas, an inert gas such as 
argon and helium can be used, but nitrogen (N 2 ) is preferred 
because of its low cost. 
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Examples 

Examples of the preparation method of a metal sulfide 
film according to the present invention will next be 
described. Based on the above-described embodiment, a 

15 horizontally placed reactor made of a quartz glass similar to 
that of FIG. 1 was used. 

In this Example, an ion sulfide (pyrite FeS 2 ) film was 
prepared using FeCl 3 as a first raw material and 
thioacetamide (CH 3 CSNH 2 ) as thioacetamide . As the substrate 3, 

20 a glass substrate was employed. The first raw material 

vaporizer 11, second raw material vaporizer 12, and film 
forming section 13 were heated to 180°C, 70°C and 400 °C, 
respectively. Film formation was carried out for 60 minutes, 
while feeding N 2 as a carrier gas to give a total gas flow 

25 rate of 1200 mL/min. During the film formation, the pressure 
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inside of the apparatus was kept at atmospheric pressure. 

The result of X-ray diffraction of the film thus formed 
on the glass substrate, and X-ray patterns of FeS 2 (pyrite) , 
FeS 2 (marcasite) and Fe^S (pyrrhotite) listed in the JCPDS 
card are shown in FIG. 2. The result suggests that a film of 
FeS 2 (pyrite) was formed, which can be used for a light 
absorbing material of a film solar cell. In addition, the 
resulting FeS 2 (pyrite) film is found to have no impurity 
therein and have no defects, being a single-phase film with 
good quality. It has been understood that the film 
preparation method of the present invention is very 
advantageous for industrialization, because it does not need 
any treatment after film formation such as heat treatment 
(sulfurization) in a sulfur atmosphere. 

Furthermore, the present inventors have revealed the 
reaction mechanism in this examples by using gas 
chromatography and mass spectroscopy in combination. FIG. 3 
illustrates the analysis results, by a gas chromatograph mass 
spectrometer, of a substance generated upon heating of 
thioacetamide at a predetermined temperature. FIG. 3 
suggests that trimethyltriazine was formed, which is 
represented by the following formula at a substrate 
temperature of about 368°C. 
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As illustrated in FIG. 4, it is understood that 
trimethyltriazine 21 is formed from thioacetamide at around 
5 400°C, that is, the film forming temperature of this Example. 

From the above-described results, it is suggested that 
pyrite FeS 2 is formed from FeCl 3 and thioacetamide in 
accordance with the reaction mechanism represented by the 
following reaction scheme : 



Described specifically, trimethyltriazine 21 is formed 
from thioacetamide under heating, accompanying formation of 
15 sulfur 22 as a simple substance. Furthermore, a single-phase 
film of pyrite FeS 2 is formed by the sulf urization of FeCl 3 
with the sulfur 22 as a simple substrate. 
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3 FeCI 3 + 6 CH 3 CSNH 2 





As described above, during the formation of a triazine 
compound from a thioamide compound, sulfur as a simple 
substrate is formed. This sulfur contributes to the 
formation of a metal sulfide film, whereby a metal sulfide 
film with good quality can be prepared without post-treatment. 

Comparative Ex ample 

The present inventors have tried to prepare a film 
using FeCl 3 as a first raw material, and a hydrogen sulfide 
(H 2 S) gas or thiourea (CH 3 CSCH 3 ) as a second raw material 
which will be a sulfur source. The hydrogen sulfide (H 2 S) 
gas is generally used as a sulfur source, while thiourea 
(CH3CSCH3) has an analogous structure to thioacetamide . Use 
of either compound as a sulfur source however failed to 
prepare an ion sulfide film. These results suggest that use 
of a thioamide compound as the second raw material is 
important . 
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